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Uncoupling protein 2 (UCP2), a mitochondrial protein present in many organs and cell types, is known to dissipate the proton
gradient formed by the electron transport chain. Its function is correlated with predictive parameters, such as obesity, diabetes,
and metabolic syndromes. We analyzed the distribution of UCP2 polymorphisms in stroke patients diagnosed with one of the
following four stroke subtypes based on the TKM standard pattern identification (PI): Qi-deficiency (QD), Dampness and Phlegm
(D&P), Yin-deficiency (YD), and Fire and Heat (F&D). We studied a total of 1,786 stroke patients (397/QD, 645/D&P, 223/YD,
and 522/F&D, 586/normal). Genotyping for the G-1957A, G-866A and A55V UCP2 polymorphisms was performed using the
TaqMan. G-866A and A55V were significantly associated with the D&P and H&F subtypes. The frequency of subjects with the A
allele of G-866A was significantly lower than the frequency of subjects with the GG type. The A55V polymorphism was also shown
similar effect with G-866A in the dominant model. In contrast, no SNPs were shown to be associated with the QD or YD subtypes
in this study. These results showed that the G-866A and A55V UCP2 polymorphisms may be genetic factors for specific PI types
among Korean stroke patients.

1. Introduction

The uncoupling proteins (UCPs) are a protein family
comprised of mitochondrial proteins located at the inner
membrane of mitochondria [1]. They function in the dissi-
pation of proton gradients formed by the electron transport
system and play roles in the homeostasis of body temperature
by thermogenesis and in decreasing ROS production [2, 3].
The UCP family is composed of five subtypes: UCP1, UCP2,
UCP3, UCP4, and UCP5. UCP1 and UCP3, which both
function in thermogenesis, have tissue-specific expression
patterns. The major sites of UCP1 and UCP3 expression are
brown adipose tissue and muscle, respectively [1, 4]. Unlike
UCP1 and UCP3, UCP2 is widely expressed in all tissues
and reduces reactive oxygen species (ROS) production [3].
ROS have important roles in cell signaling and homeostasis

[5, 6], but increase of ROS level by environmental stress
and cellular metabolism causes abnormal inflammatory
responses, atherosclerosis and cardiovascular disease [7–11],
and UCP2 is involved in the preservation of ROS homeostasis
and is associated with many cardiovascular diseases.

The UCP2 gene is located at chromosome 11q13, and
many studies have reported the association of the G-866A
and A55V polymorphisms of UCP2 with various diseases,
such as obesity, diabetes, and metabolic syndromes [2, 12–
15]. For example, A55V was significantly associated with
obesity in men of Japanese. The frequency of subjects with
the AV or VV types in the obese group was 67.4%, which
was significantly lower than the frequency observed in the
nonobese group (78.1%) [14]. Another report showed that
G-866A was associated with a reduction in the prevalence
of type 1 diabetes in Germany [15]. These data suggest that
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polymorphisms of UCP2 are associated with obesity and its
related metabolic syndromes and diseases.

In traditional Korean medicine (TKM), subjects with dis-
ease are diagnosed according to pattern identification (PI).
PI is a comprehensive system for the diagnosis of disease
according to the subject’s signs and symptoms. The signs and
symptoms reflect a personal state; thus, PI is a diagnostic
system for the cause, nature, and location of the illness,
the patient’s physical condition, and the patient’s treatment
[16–21]. TKM classifies stroke into four sub-PI groups:
Qi-deficiency (QD), Dampness and Phlegm (D&P), Yin-
deficiency (YD), and Fire and Heat (F&D) [22]. Among
the PI subtypes defined as follows according to Min et al.
[23], the D&P is characterized by its impediment to Qi
movement, turbidity, heaviness, stickiness, and downward
flowing properties and shows an eminent tendency toward
obesity and increase of serum lipids. The H&F accounts for
pathogenic fire characterized by intense heat that is apt to
injure fluid and to consume Qi. The YD indicates pathologic
change marked by deficiency of Yin and being known to
highly contribute to emaciation, rarely to obesity. The QD
is a deficiency of qi that leads to decreased visceral function
and lowered body resistance.

PI is affected by hereditary factor as well as environ-
mental factors. Some reports showed relationships between
genetic polymorphisms and PI in Chinese, Korean, and
Japanese populations [24–27]. Finding genes related with
stroke-PI, we previously reported that NPY and PON1 poly-
morphism wass associated with the D&P [24, 28]. Because
UCP2 is involved in cellular metabolism and thermogenesis,
and some SNPs in UCP2 were known to be associated with
obese/overweight and serum lipid, we hypothesized that
SNPs, changing UCP2 expression or amino acid, might be
related with PI subtypes including the F&H related with
thermogenesis and the D&P, YD related with metabolism
imbalance. In this study, we investigated the G-1987A, G-
866A, and A55V UCP2 polymorphisms in 586 normal
subjects and 1,786 stroke patients diagnosed by two expert
TKM doctors using PI, and we thereby elucidated the
association of UCP2 polymorphisms with PI.

2. Subjects and Methods

2.1. Subjects. We examined 1,786 subjects diagnosed with
stroke and 586 normal subjects without stroke. The stroke
patients were admitted into the twelve oriental medical
hospitals participating in this study; these hospitals are
located throughout South Korea to minimize regional
differences: KyungHee Oriental Medical Center (Seoul),
KyungHee East-West Neo Medical Center (Seoul), DongGuk
International Hospital (Kyunggi-do), Kyungwon Oriental
Medical Hospitals (Seoul and Inchon), DongSeo Orien-
tal Medical Hospital (Seoul), DaeJeon Oriental Medical
Hospital (Daejeon), DongSin Oriental Medical Hospital
(Gwangju and Jeollanam-do), Wonkwang Oriental Medical
Hospital (Jeollabuk-do), Woo Suk Oriental Medical Hos-
pital (Jeollabuk-do), and SangJi Oriental Medical Hospital
(Gangwon-do). Some of the included subjects overlapped

with our previous study [24]. The stroke diagnosis was
confirmed by brain computer tomography (CT), magnetic
resonance imaging (MRI), or magnetic resonance angiog-
raphy (MRA), and the clinical data from the subjects
were collected after obtaining written informed consent.
The normal subjects were recruited from DaeJeon Oriental
Medical Hospital and Wonkwang Oriental Medical Hospital,
and stroke status was confirmed by MRI. This study was
performed after receiving approval by the Institutional
Review Boards of the Korean Institute of Oriental Medicine
and by each of the Oriental Medical Hospitals.

2.2. PI Diagnosis of Stroke Patients. The PI diagnosis of
subjects was performed as described in the report published
by Lee et al. [22]. Briefly, the signs and symptoms presented
by the patients were classified using the “Stroke PI case report
form” [16]. The PI diagnosis of each patient was determined
by two expert TKM doctors, and subjects receiving differing
diagnoses from the two doctors were excluded. The number
of patients in each PI group was as follows: 397 in the QD
group, 645 in the D&P group, 223 in the YD group, and 522
in the H&D group.

2.3. Genomic DNA Preparation and Genotyping. Genomic
DNA from each subject was prepared from blood using
the GeneAll genomic DNA extraction kit (GeneAll, Seoul,
Korea). The UCP2 single-nucleotide polymorphisms (SNPs)
analyzed in this study are listed in Table 2. The genotyping of
all analyzed SNPs was performed by Macrogen Inc. (Seoul,
Korea) using the polymerization chain reaction (PCR) with
TaqMan probes. To confirm the accuracy of the genotype
analysis, five percent of our subjects were randomly selected,
and their SNPs were genotyped by the sequencing method
using the ABI 3700 sequencer (ABI Inc. Carlsbad, CA
USA). The SNP-genotyping agreement between the two
methods was 97.95%, which represents high accuracy. The
concordance of UCP2 SNPs in normal with Hardy-Weinberg
equilibrium (HWE) was tested using HapAnalyzer software
[29].

2.4. Statistical Analysis. The statistical analysis of our data
was performed with SAS software version 9.1.3 (SAS Institute
Inc., Cary, NC USA). Differences in continuous variables
were determined by nonparametric (Wilcoxon rank-sum
test) tests. Categorical variables were compared with a
chi-squared test or Fisher’s exact test. A multiple logistic
regression adjusted for age, sex, smoking status, and drinking
status was performed to estimate the association of SNPs
with the normal group versus each of the PI groups, and odds
ratios (ORs) with 95% confidence intervals (95% CI) were
obtained. We performed a statistical analysis using a general
linear model adjusted for age, sex, and smoking status to
investigate whether the PIs are associated with the serum
parameters of the patient subjects. The statistical significance
was set at P < 0.05.
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Table 2: List of the SNPs analyzed in this study.

SNP rs no. Position
Location relative
to transcription

start site

Nucleotide
(amino acid)

change

Location relative
to p-terminus of

chromosome
MAF HWEp

G-1957A rs649446 Promoter −1957 G/A 73695845 0.3147 0.138

G-866A rs659366 Promoter −866 G/A 73694754 0.4955 0.051

A55V rs660339 exon 2 4787 G/A (A/V) 73689104 0.4871 0.06

3. Results

Table 1 shows the clinical differences between each of the
PI groups and the normal group. The history of disease
and the serum parameters of each group displayed a pattern
similar to that of our previous reports [24, 25]. However,
obese indices, such as BMI and waist circumference, showed
a significantly different pattern in the PI groups compared
with the normal group. The median BMIs of the QD and
YD groups were 22.6 kg/m2 and 22.5 kg/m2, respectively,
which were significantly lower than the 24.2 kg/m2 BMI of
the normal subjects (P < 0.001). In contrast, the BMIs
of the D&P and H&F groups were not different compared
to the normal group (P = 0.056 and P = 0.120, resp.).
Waist circumference showed the opposite pattern; it was
significantly increased in the D&P and H&F groups, but
not in the QD and YD groups, compared to the normal
group. Differences in the body characteristics and serum
lipid parameters among the PI groups were shown in
supplemental available online at doi:10.1155/2012/532078.
The mean of obese indices such as BMI, waist circumference
and WHR were significantly higher in the D&P and H&F
groups than YD and Qi groups, and the level of triglycerides
in the D&P group was also higher in the D&P group than that
of the other three groups. The location of three SNPs within
the UCP2 gene is shown in Figure 1(a), and their linkage
distribution among three SNPs in Figure 1(b).

The characteristics of the SNPs investigated in this study
are listed in Table 2. Two of the SNPs are located at the
−1957 and−866 positions relative to the transcriptional start
site. The other SNP is situated at amino acid 55 in UCP2
exon 4, which causes the change of an alanine to a valine.
All of the alleles were in Hardy-Weinberg equilibrium (P >
0.05) in the normal group, according to the recommended
International HapMap Project guidelines. An analysis of the
linkage distribution among the three SNPs indicated that G-
866A and A55V were tightly linked. The D′ and r2 values
were 1.00 and 0.97, respectively, which are similar to those
reported in a previous report by Cha et al. [30].

Table 3 shows the SNP distribution in each PI group
compared to the normal group. G-866A was significantly
associated with D&P and H&F. The ratio of subjects with
the A allele was 69.58% in the D&P group and 71.92%
in the H&F group, both of which were significantly lower
than the 76.66% ratio of the normal group, after adjusting
for sex, age, smoking, and drinking (OR = 0.668 (0.501–
0.890), P = 0.006; OR = 0.647 (0.472–0.886), P = 0.007,
resp.). The A55V SNP, which is tightly linked with G-866A,
showed similar pattern of G-866A in the dominant model.

Ex1 Ex2 Ex3, 4 Ex5, 6 Ex7

A-1957G (0.3147)

A-866A (0.4955)

G4787A (A55V) (0
.4871)

(a)

G-1957A

G-1957A

G-866A

G-866A

A55V

A55V

0.9720.979

0.989

0.960.455

0.453r2

|D|

(b)

Figure 1: (a) Map of the SNPs located in the UCP2 gene. The
values in parentheses show the minor allele frequency. The open and
closed boxes in the exons indicate the untranslated and translated
regions, respectively. (b) Linkage distribution among three SNPs.

The frequency of A allele of A55V is 68.97% in the D&P
group and 70.27% in the H&F group, which are significantly
lower than the 75.6% ratio of the normal group (P = 0.010
in D&P, P = 0.007 in H&F). In contrast, no SNPs were
associated with QD or YD in this study.

To confirm which factor was affected by G-866A or
A55V, we compared serum lipid parameters according to
genotype in normal subjects in Table 4. A55V was associated
with serum triglyceride. The mean serum triglyceride of the
subjects with the AV and VV type at the 55 position of the
UCP2 gene was 142.6 mg/dL and 148.82 mg/dL, respectively.
These means were significantly lower than the mean serum
triglyceride (158.58 mg/dL) of the subjects with the AA type
in the dominant mode (P = 0.0471).

4. Discussion

Stroke is the second most common cause of death in
Korea; 52 women and 50.3 men per one hundred thousand
people died because of stroke in 2009 [31]. Therefore, many
efforts to prevent the occurrence of stroke are necessary.
Additionally, the rapid and appropriate treatment of stroke
is also important to remove or reduce the aftereffects of
a stroke. Recently, personalized medicine has been empha-
sized; in this model, instead of the uniform treatment of
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disease, patients receive different treatments according to
the patient’s individual condition, which might increase the
positive effects of treatment and reduce the adverse effects
[32–34]. In TKM, patients with the same disease are given
different treatments depending on the patient’s condition.
PI, a basic system for diagnosis in TKM, entails a systematic
analysis of the patient’s physical condition. Based on PI,
TKM doctors determine the cause, nature, and treatment of
the illness [16]. Because of these shared aspects, treatments
based on PI might approximate personalized medicine, and
some recent studies have been undertaken to identify genetic
variation associations with PI [24, 27].

In TKM, stroke is classified into four standard subtypes
according to PI: Qi-deficiency, Dampness and phlegm, Yin-
deficiency, and Fire and Heat [22]. D&P is correlated with
obesity and obesity-related metabolic syndromes [23, 24].
For example, Min et al. reported that total cholesterol, BMI,
and waist circumference were significantly increased in D&P
pattern patients [23], and this finding is similar to our results
(Table 1). We also found that the clinical characteristics of the
H&F pattern were similar to the D&P pattern.

In the current study, we investigated the association of
UCP2 polymorphisms with PI. UCP2 is a mitochondrial
protein and is known to dissipate the proton gradient formed
by electron transport and decrease ROS production [2]. The
G-866A polymorphism located at the promoter region and
the A55V polymorphism in exon 4 of the UCP2 gene were
associated with thermogenesis and energy consumption in
lipids metabolism, resulting in weight loss and low serum
lipid level in Korean population studies [34, 35]. In this
study, the G-866A SNP had a negative effect on the D&P and
H&F patterns. A55V, which is a nonsynonymous SNP and is
linked with G-866A, also showed a negative association with
the D&P and H&F patterns (Table 3). Obesity indices, such as
BMI, WHR, and serum lipids, showed an increase in the D&P
and H&F patterns compared with the QD and YD patterns
(Table 4). These results might suggest that the D&P and H&F
patterns are related to obesity or that obese subjects have a
lower ratio of GA and AA genotypes of the G-866A SNP. This
result matched that of a previous study reported by Jun et al.
[36]. In the report, G-866A and A55V were associated with a
decrease of BMI and waist circumference in Korean children
[36]. Other reports studying other populations also showed
negative effects of G-866A on obesity [12, 14]. However, our
result was in contrast to other studies reported by Wang
et al. and Martinez-Hervas et al. [37, 38], who showed an
increased susceptibility to obesity for two SNPs in Taiwanese
and southern European populations.

In TKM, the PI is classified by position, internal or
external etiology, or organ. The D&P and H&F patterns
are classified by etiology. D&P is a combination of phlegm
and internal dampness that causes disease. D&P produces
anorexia, dyspepsia, dizziness, headache, heaviness, and
other maladies. H&F is any pattern or syndrome of heat and
fire, either contracted externally or engendered internally.
H&F produces hot flashes, mouth or tongue dryness,
ophthalmoxerosis, and other ailments of the body [39, 40]. In
TKM, D&P and F&H could be explained as causation in the
pathogenesis. When damp is congested for a long time and

phlegm arises from the body, damp and phlegm are mixed up
each other. The longer damp and phlegm stay in the body, the
more heat they generate. What is worse, D&P are combined
with the heat that they generate and start to produce more
complicated symptoms attributed to the mixture of damp,
phlegm, and heat [41]. In addition, the F&H seems to induce
so excessive heat generation and high-energy consumption
that it can result in the obesity by increasing the dietary
intake to supplement the energy dearth.

In this study, we showed an association of UCP2 poly-
morphisms with PI in Korean stroke patients. UCP2 poly-
morphisms, far involved in metabolism and thermogenesis,
were significantly distributed to D&P and F&H, indicating
that the F&H along with the D&P was another obese
factor. However, this study had some limitations that prevent
generalizing these results. The first limitation is the sample
size disparity between the test and control group that may
have impacted finding. Secondly, the PI was limited to
stroke diagnoses. The lack of evidence on the accuracy of PI
forced us to perform an observational study, not allowing
a randomized controlled trial. Thus, further studies with
greater balanced sample size that focus on other diseases will
be necessary to confirm the scientific basis of the relationship
between genetic variations and PI.
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